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Roch 
Stainless steel bipolar plates are a possible replacement for graphite and composite bipolar plates in 
fuel cells. However, due to a native oxide layer they exhibit a high interfacial contact resistance (ICR) 
which lowers the performance. Conductive coatings like gold are a possible solution because they can 
reduce the contact resistance of metallic bipolar plates. We investigate the pulsed cathodic arc 
technique for deposition of carbon-based thin films on austenitic stainless steel 316L as cost-efficient 
alternative. Different types of coatings were prepared by varying the layer structure and processing 
parameters. Potentiodynamic polarization tests and ICR measurements were conducted to evaluate 
the performance of the films as conductive and corrosion resistant coatings. It was found that the 
corrosion resistance of coated austenitic steel samples is improved by both coatings and that 
measured ICR-values are well below the DOE 2020 target of 10 mΩ/cm2. 
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1. INTRODUCTION 
Because of the climate change the necessity of renewable energies and their 
importance for the future infrastructure is without question. In 2016 approximately 
25 % of the global energy consumption is accounted for by the transportation sector 
[1, 2]. Especially, road transport has the largest share in most countries producing a 
significant amount of the total gas emissions. For example in Europe road transport, 
including light-duty and heavy-duty vehicles, contributed nearly 21 % of the EU’s total 
gas emissions [3]. Hence reducing the energy consumption by developing new 
efficient engines or power sources play an important role. Especially proton 
exchange membrane fuel cells PEMFCs for cars and public transportation have a 
high potential because of their high efficiency, low/zero emissions and convenient 
usage [4, 5]. Due to different issues the wide establishment is still lacking [6–8]. 
Bipolar plates (BPP) fulfill different functions in the harsh fuel cell environment such 
as the distribution of hydrogen, air/oxygen and the current collection. Therefore, it is 
necessary that the BPP is highly corrosion resistant and a good electrical conductor 
at the same time. The need of fast and low-cost production of BPP requires replacing 
graphite and composite BPP. Possible replacements are metallic BPP. Among these 
austenitic stainless steel 316L (SS316L) is a promising candidate because of its 
combination of a good corrosion resistance, electrical conductivity and 
manufacturability [9–11]. Since stainless steel has a native oxide layer, the electrical 
connection to the following gas diffusion layer (GDL) suffers under the high interfacial 
contact resistance. By the deposition of a conductive coating onto the BPP surface 
the electrical conductivity can be greatly improved [12–19]. However, the coating 
needs to be highly corrosion resistant due to the harsh environment in a fuel cell, 
which is even able to corrode stainless steel. Carbon-based coatings fulfill these 
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requirements and are mainly deposited via physical vapor deposition such as 
magnetron sputtering or ion plating [15, 18, 20–23]. In this study, we investigate the 
pulsed cathodic arc technique for forming carbon-based thin films on austenitic 
stainless steel 316L. We varied the layer structure and processing parameters. The 
different coating types are evaluated by corrosion tests and ICR measurements 
which show that the resultant films are highly corrosion resistant and significantly 
lower the ICR at the same time. 
2. MATERIAL AND METHODS 
2.1. Pulsed cathodic arc deposition 
Austenitic stainless steel substrates of 100 mm x 100 mm x 0.1 mm in size were 
cleaned with methanol, distilled water and dried with nitrogen before putting them on 
holders. The spArc®-deposition chamber (short pulsed Arc) was evacuated to a base 
pressure between 10-2 and 10-5 Pa using a rotary and a turbo molecular pump. 
Additionally the chamber was heated up to 300 °C. In order to remove the native 
oxide layer and to clean the substrates were sputtered with metal ions. For the 
deposition of the carbon layer pure graphite targets (99.99 %) were used. For 
comparison, a single Cr was deposited. 
2.2. Potentiodynamic polarization tests  
For the investigation of the corrosion behaviour, potentiodynamic polarization tests 
were conducted using a 3-electrode setup including a graphite rod as counter 
electrode, a saturated Ag/AgCl electrode as reference and the sample as working 
electrode. The measurements were performed between -0.5 to 2.0 V vs standard 
hydrogen electrode SHE at a scan rate of 0.5 mV/s applied by a Metrohm Autolab 
PGSTAT302N potentio-/galvanostat. The open circuit potential was measured for 1h 
before the potendiodynamic test was started. 0.5 M H2SO4 at room temperature 
served as solution for the corrosion tests. 
2.3. Interfacial contact resistance 
According to the procedure of Davis et al. [9] the coated and uncoated stainless steel 
substrates were placed between two sheets of a gas diffusion layer (Freudenberg, 
H14) and two gold-plated copper plates. By a GW Instek GOM-805 DC milliohm 
meter a current of 100 mA was applied to the copper plates and the resistance was 
measured. The compaction force was varied to obtain the relationship between the 
force and ICR. As calibration, the ICR of a single GDL sheet was determined prior 
the measurements of the steel samples. 
3. RESULTS AND DISCUSSION 
3.1. Potentiodynamic polarization tests  
Electrochemical polarization tests were performed to determine the corrosion 
properties of (1) the bare SS316L substrate, (2) the substrate with a Cr layer and (3) 
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the substrate with the carbon coating (named GLC coating) on top, respectively. The 
potentiodynamic polarization curves in the range of -0.5 V to 2.0 V vs SHE are shown 
in Fig. 1 and the corresponding corrosion parameters are listed in Table 1. 
There are only a few differences between the bare SS316L and the Cr coated 
sample. For instances the Cr coated sample reaches the stable passive state more 
easily, which is indicated by the lower passive current density. Furthermore, both the 
bare SS316L and Cr coated samples have nearly the same corrosion potential           
-47 mV and -43 mV, respectively. This similarity is due to the high Cr content of the 
SS316L [24] causing the formation of a chromium oxide layer which passivates.  
Based on the potentiodynamic polarization curve of the GLC coating it can be seen 
that the corrosion resistant behavior is strongly improved since the corrosion current 
is significantly smaller in the presence of a carbon coating. The sample exhibits a 
significantly higher corrosion potential Ecorr of 411 mV and a corrosion current density 
as low as 0.21 µA/cm2. Therefore, the carbon coated sample with a Cr interlayer is 
highly corrosion resistant in the test environment.  
It can be concluded that the GLC coating deposited by the spArc-technique is 
necessary to protect the stainless steel substrate in the corrosive PEMFC 
environment. 
  
 
Fig. 1: Potentiodynamic polarization curves of the bare SS316L substrate, Cr coating and GLC 
coating, exposed to 0.5 M H2SO4 at room temperature  
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Table 1: Corrosion parameters of coated and uncoated samples 
Sample βa (V/dec) βc (V/dec) Ecorr (mV) Jcorr (µA/cm2) 
SS316L 0.022 0.030 -47 8.80 
Cr coating 0.058 0.049 -43 9.01 
GLC coating 0.583 0.338 411 0.21 
 
During the start phase of a PEMFC high potentials of 1.2 V and more on the cathode 
side can occur, leading to accelerated corrosion and degradation of the cell [25–27]. 
Fig. 2 shows the current densities of the coated and uncoated samples at 1.2 V, 
derived from the potentiodynamic polarization curves (Fig. 1). Except for GLC 
coating, the other samples are in the transpassive region and suffer from pitting 
corrosion. The single Cr coated sample exhibits the highest current density which is 
almost 2 times higher than for the bare SS316L due to the rapid dissolution to CrVI. 
The low corrosion current density of the GLC coating indicates that only minimal 
corrosion reactions including of carbon corrosion and oxygen evolution occurs.  
 
Fig. 2: Current density of the bare SS316L substrate and the coated samples at 1.2 V vs. SHE. 
 
3.2. Interfacial contact resistance 
The interfacial contact resistance ICR between the metallic BPP and the GDL plays a 
major role in the performance losses of a PEMFC. Hence, a low ICR is a crucial 
requirement for metallic BPP.  
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Fig. 3 presents the ICR of the uncoated stainless steel substrate and the coated 
samples as a function of the applied compaction force. The ICR rapidly decreases up 
to 75 N/cm2 due to the constant increase in the contact area between the GDL and 
the specimen. Overall, the uncoated SS316L sample has significantly higher ICR 
values in the entire measurement range which underlines the necessity of a highly 
conductive coating. The Cr coating already reduces the resistance about 50 % but 
still exhibits values above 50 mΩ/cm2 even at a the applied maximum of 250 N/cm2. 
The carbon-based coating greatly lowers the contact resistance of the stainless steel 
substrate and achieves values less than 5 mΩ/cm2 which is the DOE 2020 criteria of 
10 mΩ/cm2 [28]. The high conductivity indicates that the carbon has a high amount of 
sp2 hybridized atoms which is necessary for the excellent electrical conductivity of 
carbon-based thin films. But further experiments needs to be conducted in order to 
evaluate the micro- and atom structure of the carbon coating.  
 
Fig. 3: Interfacial contact resistance of the bare SS316L substrate and the coated samples depending 
on the compaction force 
4. CONCLUSION 
Different carbon-based coatings on stainless steel 316L were processed by cathodic 
arc deposition technique and evaluated by potendiodynamic polarization tests and 
interfacial contact resistance measurements. The bare SS316L substrate and Cr-
coated sample were used as reference and both have a high corrosion current 
density and ICR. The carbon-based coating (GLC coating) was highly conductive and 
corrosion resistant, exhibiting a corrosion current density as low as 0.21 µA/cm2 and 
ICR-values of 5.0 mΩ/cm2 at a compaction pressure of 150 N/cm2. The low ICR 
value suggests that the carbon layer is mainly comprised of sp2-bonded atoms, which 
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needs further experimental verification. Thus, the spARC deposition technique is 
highly suitable for the deposition of carbon-based coating on SS316L which shows 
great potential for a future application as bipolar plate in PEMFC. 
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